Strategic studies are of high importance in every business administration. Some of them, like strengths, weaknesses, opportunities, threats (SWOT), can be used widely. However, uncertainty is always considered as a major obstacle for extracting strategies from these techniques. On the other hand, introduction of fuzzy logic facilitates the connection between real world managerial problems and deterministic mathematics. This paper thus focused on vague characteristic of the data used in SWOT analysis, and tried to solve it by utilisation of the intuitionistic fuzzy numbers (IFN), as a transformation which enables the outcome of this procedure to be identified more explicitly.
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Introduction
Competitive circumstances in recent years are considered as a big deal for every business all around the world. To firms, competitiveness means the ability to compete in world markets with a global strategy. As a result, companies have to create and maintain a competitive advantage, and be able to achieve better performance levels than their competitors (Pereira-Moliner et al., 2015) . This is one of the main challenges confronting every firm. Thus, most companies engaged in strategic planning to become or stay competitive in the long run. Strategy has to capture an internal and external aspect, which means to comprise competencies and market opportunities (Pahl and Richter, 2007) . That is mainly the importance of the strategic tools and analysis today. Several tools can be utilised to perform a strategic study, including both simple and complex methods. The aptness of the method used is clarified by the expert who does the research. However, some of them are used in approximately every strategic investigation, SWOT is one of those basic methods. Besides, complexity involved in the interpretation of the given information in strategic researches is considered as an obstacle to achieve clear results. This paper introduces a new approach which utilised intuitionistic fuzzy numbers (IFN) as a mean to overcome the ambiguity in SWOT. Furthermore, this method can be used to prioritise the extractable strategies with the help of α-cut in fuzzy logic.
Strengths, weaknesses, opportunities and treats
Strengths, weaknesses, opportunities and treats (SWOT) analysis is a strategic planning tool used to evaluate the SWOT involved in a project or in a business venture, which dates back to '60s. The SWOT analysis examines both helpful and harmful factors that originate from both internal and external of the organisation or a strategic plan. The internal assessment is conducted to illustrate strengths and weaknesses of an organisation or a strategic plan while the external assessment is applied to discover opportunities and threats (Chen et al., 2014) . Strengths stand for any available resources that could be utilised to advance the performance. Weaknesses are deficiencies, which may reduce competitive advantages, efficiency, or financial resources. Opportunities are external changes that can contribute to an additional development, and threats are outside parameters that may cause problems (Paliwal, 2006) . A schema of the tool is shown in Figure 1 . The framework of SWOT was originally invented for business and marketing analysis and has been broadly adopted in other research fields including: energy management, health education, social work, tourism management, environmental strategies, agricultural business, social media and, etc. (Aiyelaagbe et al., 2015; Dzonzi-Undi and Li, 2015; Fernandez, 2009; Jaber et al., 2015; Sharma, 2005; Shi, 2016; Westhues et al., 2001) . Weihrich (1982) introduces SWOT matrix as a tool for situation analysis. SWOT can also be used when strategy alternative emerges and the relevant decision context needs to be analysed (Igliński et al., 2015) . The importance of SWOT analysis lies in its ability to help clarify and summarise the key issues facing a business. In other words, the SWOT analysis pursues an integrated approach including key company and environmental variables. The objective is the confrontation of the company's internal strengths and its weakness as well as company-external business opportunities and threats in order to generate possible strategic options (Böhm, 2008) . The main purpose of SWOT is to help the managers to adopt a strategy in order to maximise strengths and minimise weaknesses as a mean to take advantages of external opportunities and overcome the threats. However, when these factors (SWOT) come together, other inferences can be figured out by considering them all simultaneously. A SWOT can be performed for companies, departments and divisions. Whatever the focus is, the results will be specific for each. It should be noted that a unique character might be interpreted in different terms according to the nature of study and the firm.
The main advantage of SWOT is its simplicity. Preparing a map of current situation of the organisation or the list of treats and opportunities tied together, which helps the firm to have a balanced understanding of the market, are other advantages of this method (Suh, 2014) . SWOT has some disadvantages as well. A typical SWOT analysis is usually a simple list which is not presented critically. If an expert is focusing on just compiling lists he or she may have difficulties in defining how to achieve the effective strategies. Taking a list approach can also result in items not being prioritised. For example, a long list of weaknesses may appear to be 'cancelled out' by a longer list of strengths, regardless of how significant those weaknesses are. The best SWOT analysis will be more than a simple checklist. It will consider the degree of strength and weakness versus its competitors to determine how good that strength really is. Simultaneously, an efficient SWOT analysis should consider the importance of an opportunity or threat and implies how these inter-related factors interact with strengths and weaknesses. Zadeh (1965) introduced a new branch of mathematics known as fuzzy logic. It is a system of reasoning and computation in which the objects of reasoning and computation are classes with unsharp (fuzzy) boundaries. In fuzzy logic everything is, or is allowed to be, a matter of degree, including degrees. That is, in fuzzy logic, objects of discourse and analysis are, or are allowed to be, associated with imperfect information. Imperfect information is information which in one or more respects is imprecise, incomplete, uncertain, fragment, incomplete, not fully reliable, vague or partially true (Khanesar et al., 2012; Zadeh, 2009 ). Today, the term fuzzy logic is used predominantly in its wide sense. In particular, what is used in almost all applications of fuzzy logic is fuzzy logic in its wide sense (Zadeh, 2015) .
Fuzzy logic
This system of reasoning can be considered as the significant step toward uniting the real world and mathematics. Briefly, it was based on the fact that, human statements can be categorised in other terms rather than just True and False. However, in classical mathematics, we are familiar with what we call crisp values. Actually, Zadeh defined a membership value for each statement within True and False, more scientifically a value selected from [0, 1] interval. When the statement is true, the membership value is said to be one while a false statement receives zero. Specifying these two milestones, other statements, used in real human language and conception, can be defined in mathematic world by receiving a value between zero and one.
Introducing fundamentals of fuzzy logic and understanding the worth of such a logic, researchers and scientists all over the world commence their attempt to form different aspects of this young logic. Simultaneously, another group focused on the application in industry, science and, etc. (Gottwald, 1993; Hagras et al., 2015; Krishnamoorthy et al., 2012; Roghanian and Alipour, 2014; Taheri et al., 2012; Verbruggen et al., 2013) .
Fuzzy number
Generally, a fuzzy number (let say Ã) is defined as any subset of the real numbers (R), with membership function, denoted by μ A or f, satisfies the conditions below (Dubois and Prade, 1980) : Definition 3: If the height of a fuzzy number is equal to one, then the number is called a normal fuzzy number (Chen, 1999) .
Intuitionistic fuzzy numbers
Although the introduction of the fuzzy logic was an important step toward the formulation of a new generation of problems to be solved in a systematic approach, there are still problems which cannot be defined properly even with the help of fuzzy logic. Another instance of this deficiency is about the formulation of problems which requires deterministic data entry due to their high importance. Once more, the fuzzy logic prepares an appropriate tool to solve and model these problems. IFN (Atanassov, 1986) , denoted by IFN, is the proper definition which helps the formulation of linguistic variables which contain uncertainty in their nature.
The conception of intuitionistic fuzzy set (IFS) can be viewed as an appropriate approach in the case where available information is not sufficient to define the impreciseness by the conventional fuzzy set. IFS add an extra degree to the usual fuzzy sets in order to model hesitation and uncertainty about the membership degree of belonging. In fuzzy sets, the degree of acceptance is considered only but IFS is characterised by a membership function and a non-membership function so that the sum of both values is less than one (Kahraman and Yanik, 2015) . It is more abundant and flexible for the IFNs to express and describe information than the fuzzy numbers when uncertain information is involved. Recently, there are a number of studies involving IFNs and its application (Chen et al., 2016; Dubey and Mehra, 2011; Guha and Chakraborty, 2010; Liu, 2013; Mahapatra and Roy, 2009; Wei et al., 2014; Zhao et al., 2015) . And with its reliability to deal with vagueness, a plethora of studies have been conducted to further develop and enrich IFS theory (Chang et al., 2006; Garg et al., 2012; Garg and Rani, 2013; Lei and Xu, 2015; Wan and Dong, 2015; Wu and Chiclana, 2014) .
There are lots of variables which are defined by the experts and as they are human or because of the nature of the variable, the value of the variable cannot be defined exactly. Suppose that a teacher is asked to decide about the intelligence of two of his/her students.
His/her answer might be "I think that Student 1 is more intelligent than student 2, but I'm not sure". How can we transform this answer into a variable? The use of IFS enables us to define such answers to modelling procedure.
Definition 4: An IFS A define on a universe X is given by Atanassov (1986) :
for all x ∈ X.
Figure 3 A representation of an IFN (see online version for colours)
The numbers μ A (x) and ν A (x) denote the degree of membership and the degree of non-membership of x to A, as shown in Figure 3 (Li, 2010) . For an IFS A in X we call the intuitionistic index of an element x ∈ X in A the following expression:
We can consider π A (x) as a hesitancy degree of x to A (Atanassov, 1986) . From above equation, it is evident that
Remark 1: An ordinary fuzzy number can also be represented as an IFN like this:
With π A (x) = 0 for all x ∈ X. The complementary set A c of A is defined as:
Suppose that A and B are two arbitrary IFNs from set X, the following are held (Wu and Zhang, 2011) :
Application of intuitionistic numbers in SWOT
As stated before SWOT is one of those strategic tools which is defined and structured with the SWOT from the point of view of experts from the firm or business. Obviously, experts use linguistic terms and statements. In most cases these statements are not deterministic; on the other hand, strategic studies are from high priority that emphasise that the results should be determined clearly. In this paper, we propose the use of the IFN in developing the SWOT analysis. The following steps are defined to prepare a more reliable SWOT. Furthermore a demonstrative example of this procedure is given.
Step 1 First of all, the process commences with the definition of the internal and external factors. In this step the experts and the analyst must list the important and effective factors due to the scope of research (let 'n' be the number of factors in the list). The result of this step must be categorised in two main groups named internal and external factors.
Step 2 The second task to be done is the division of the listed factors into specific subsets. Actually, the internal factors must be separated into Strengths and weaknesses, while the external factors are divided into Opportunities and Treats.
Step 3 The third step enables us to achieve the accuracy needed. The expert is asked to define the priority of each factor among other factors in its group. Note that this step is the main part of data preparation. Each factor's priority is defined in its own group by the use of an IFS. The following expressions should be defined for each factor with respect to its group. The variable P i is defined for this purpose.
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The value for each factor is derived by the comparison of factors in each group defines in second step. It seems more rational that the analyst gathers a team of expert from different aspects of view. A combination of an optimistic expert, a pessimistic and a realistic one can be the ideal group of experts. In this case, P i (optimistic), i P ′ (pessimistic) and i P′′ (most probable or realistic).
Step 4 State a unique IFN for the priority of each factor using the following average method:
Step 5 Now, we are able to define the SWOT matrix. Note that the value of each intersection (let say the intersection of the i th row and j th column) is defined as follows:
Step 6 Now, the analyst can offer the manager, due to the significance level set to him/her. All he/she has to do is to make an α-cut to obtain the required points and consequently the prioritised factors for concluding the appropriate strategy.
Illustrative example
The example illustrated in this section is not a real case, because it is mentioned to facilitate the aptness of the proposed steps. Consequently, we avoid the extra explanations. This way the complexity of the procedures reduced effectively due to the target of this illustration. Suppose that an analyst wants to perform a SWOT analysis. The manager of the firm being studied has assigned two of his experts in order to help the analyst. Assume that one of them was an optimistic person and the other one was pessimistic. As the team comes together the following statements were derived out from their point of view (the results of the first two steps mentioned in Section 4); Internal and external factors (totally 16 factors) facing the firm assume to be as follow:
There are five main strength factors (factors number 1 to 5), four Weakness point (6 to 9), four Opportunities (10 to 13); and at last three factors are determined to be Treats (14, 15 and 16) .
In the third step, experts were asked to assign the priority of each factor among other factors in its group. The team transformed the statements into IFN. Table 1 shows the outcome of this step. Table 2 is a presentation of the average of the IFNs which stated by Table 1 , using the second part of equation (12). Continuing the steps, the SWOT matrix can be attained by step 5, as depicted in Tables 3  and 4 . Achieving the SWOT matrix the analyst is able to clarify the data needed by making an α-cut (the manager defines the amount of α). It is obvious that larger values of α lead to more accurate inferences, however the interpretation of the outcome of the final step is highly dependent on the nature of study. 
Conclusions
Despite of the fact that SWOT is one of the most popular strategic tools, it still has some fundamental deficiencies, including lack of considering vague and two sided factors, lack of prioritisation of the factors and strategies and too many extractable strategies that should be considered after the SWOT analysis. Today, with the help of new concept of logical sciences such as fuzzy logic some of these deficiencies which are actually results of the usage of binary-based Aristotle logic can be solved. Moreover, the application of fuzzy concept in interpretation of matrices has been recommended by Lin and Hsieh (2003) . This article introduced a new approach which is based on the combination of IFN and SWOT. The proposed steps help to model the vagueness of factors in a systematic approach. Besides, the outcome of the SWOT procedure can be prioritised by the use of α-cuts.
Although this paper has attempt to extract better results from SWOT analysis which are more confident and realistic, there are still efforts to decrease the number of extractable strategies, which is one of the main challenges of SWOT as a strategic, informative tool.
